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Tr^elruft mask blank, phase shift mask, and methods of manufacture 



(54) 

(57) A phase shift mask blank includes a transpar- 
ent substrate and a phase shift film thereon. The phase 
shift film is composed primarily of a metal and silicon, 
typically molybdenum silicide oxide carbide or molybde- 
num silicide oxide nitride carbide, and has a film stress 
no higher than 100 MPa. The low stress makes it pos- 



sible to maintain a good substrate flatness when the 
phase shift film is formed during production of the phase 
shift mask blank, and when the phase shift film is pat- 
terned during production of a phase shift mask from the 
blank. 
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attenuate the intensity of exposure wavelength light wdh a phase shift film, and 

phase shift mask blanks and phase shift masks. flnolications including the manufacture of semiconductor 

?0003] The photomasks that are used in a of a transparent substrate on 

wavelengths. «„i««nth iinht does improve resolution, it also has a number of 

[0004] However, while exposure using shorter wave^ 

'undesirable effects, such as reducing the ^^^^^^^ problems is phase shifting. This 
[0005] One pattern transfer technique circuit patterns, 

involves the use of a phase sh.ft VSSStow** (halftone phase shift mask) typically has a 

[0006] As shown in accompany.ng FIGS. 6A and 6B, a phase sn,n ma V ^ nase shifter 2a 

'phase shifter 2a that forms a pattern area 

where the substrate lies exposed to incident l.ght. The pha S ™" ^ M passing through the pattern and non- 
providing, as shown in FIG. 6B, a t^'^^JSZ SS£ Regions of the pattern to set the light 
pattern areas, and utilizing the destructive ImM^SSZJL it possible to increase the focal 

intensity in the areas of interference to zero. The u f ^P* 1 ^^! mask having an ordinary exposure pattern, 

re — d increase the margin of the 

characteristics of the phase shifter, as either ^^^^^^S^ the same light transmittance as 
Completely transmitting phase shift masks ^^^^^^JZ^ h halftone phase shift masks, the 

of a halftone phase shift mask. The halftone phase shift mask Wan sh^ m £ J shjft ^ 

which is transparent to exposure light and a * a, « 0 :^ of the mask, and exposed 

vS -Posure light that has passed through ,e P has softer 2a is 

has passed through exposed substrate areas 1a (BjeHGS; 6 * anc I6B). n ^ tQ sensitize 

^:fs^^ the phase shifter 2a functions 10 

SS Such phase shift masks may be manufactured 

l b.ank. J The lithographic process typically involves app ^ ^ ^Int to expose the surface of the 

areas of the resist with an electron beam or u JJ^^STESS the patterned resist film as the mask so as 

ssr-srs - is s ^ e « n, h a S . 
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^gina-ossoffiatness^^ 

has warpLd owing to film stress is patterned by remove I o ^JJJ^S^, before and after patterning, 
h ZLss in those areas is reieased. in the phase shift film so as to .mprove 

rnn-131 Substrate warp may be pre-adjusted based on the antic p patterning is strongly affected 

=5SsSS2=s5SS3SSSs 

shift mask blanks and phase shift masks. transparent substrate and at least one phase 

S aS'toa^ *•» of no! mor. man 100 m „ m0lyM9 n U m silicide oxide 

Sr^aspect. 

^ phU shift mask blank of the first aspect of the inven ton. g phase shift mask bla nk having a trans- 

io201 !n a third aspect, the invention prov.des a met hod o manuf ^™ s P ttering is carried out using a sputtering 
^aren^^^ 

oSr^he above phase shift mask blank manufa^ Reac , ve sputtering is typical* 

of mo ybdenum silicide oxide carbide or J^^^ g M . Moreover, the phase shift fiim preferably 

carried out using carbon dioxide as the carbon-conta rang sputt enng g transmitt ance of 3 to 40%. 

changes the phase of exposure light p«J^ h ^TmXtu^ a phase shift mask by lithograph.cally 
.00221 In a fourth aspect, the invention provides a memo ' ° d t of the inV ent.on. 

45 patfemin the phase shift mask b.ank made by the ^^^^^^^m mask blanks and halftone 
[S The invention reduces film stress ^J**^ 

phase shift masks to not more than 100 MPa. As a res M* duct.ons c ^ ^ p n re t 

J warp by the substrate after formation of the phase ^shrft film ^dur 9 jng Qf the phase shl ft film 

before film formation, and the change in the amount of wa tQ before pattem ing. Such reductions make 
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integration. 

BRIEFDESCRIPIJ^N^^ . A M 
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ascription, taken in conjunction with to one embodiment of the invention. 

[00251 FIG. 1 is a sect.onal v.ew of a phase snm m same ^ 



of region X in FIG.6A. 
PFTaii FH DESCRIPTION 
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OEm^^^- . . ripuD0fasubs trate1whichistransparent 

mmmmmmm 

««h ^ tn ?0 atom % carbon, is preferred. f exoosure light passing through it by i bu_o 

sstr^^^o'^^in^ * ■»< — ^ " mi,ed ,o a t sri^n^ 

EST aMfilm in Ih. in»aniion h o< a Jri and silicon, olihooo" • 

SSS* d Ti» apuHoring p,oo.aa .a ono whi* an**,* ^™^;r^«X' aya'L 
£f To oOioin , poaa. a— ,0o ^S^"^^^^ 

5Sf "MSi: SEE&OC 0, .03,0,0 » ia P..O-V a —a - - - - - - 
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W as oxvaen nitrogen and nitrogen oxide gases may be suitably 

ol Z resists, prion* («P«» — *>»*>p,™nt). „, 
level of integration. 

, orovided by way of illustration, and are not intended 
.044! The following examples and comparative examples are proved by 
to limit the scope of the invention. 
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x 144 mm square on the 152 x sx o ^ stress at tnis time was calcuiaie 

reparative Example 1 mic kness of 1 30 nm 

The results are shown in Table 1. 



Table 1 
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Example 1 



Comparative Example 1 



Phase shift film 



MoSiON 



Change in flatness 



0.38 jim 



0.59 u.m 



Film stress 



77 MPa 



125 MPa 
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[00511 Therefore, Ih. p-=*>n. invenuon. b» «W « 'JSJZTS^. oxioe ** «* " 

hi sssssssr sees- « - ^— — . 

than as specifically described in the Examples. 



20 100 MPa. 



IUVJ ivira. . , 

or molybdenum silicide oxide nitride carb.de. 
W O ^ gh i,t,y180±5d e gre. S anoh a « a lt ^ ,a S m«lan C8 of3.o40^. 

shift film having a film stress of not more than 100 MPa. 

- * ssssssssssssssr 

■ s=r.r=i=r;- — , 

40 A * rlaim c wherein the phase shift film changes the phase of 

45 the method of claim 5. 
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FIG.5D 
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FIG.6A 



FIG.6B 



ELECTRIC FIELD 
OF LIGHT AFTER 

PASSING 
THROUGH MASK 0 



LIGHT INTENSITY 
ON SUBSTRATE 
TO WHICH IMAGE 
IS TRANSFERRED 





180 DEGREE 
PHASE CHANGE 
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